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Produced Water Research Program

A NSFSponsored Program at KU and West Virginia
University

A Goal: Develop management strategies to reduce the
Impact of oil and gas production on existing water
resources and to increase use and reuse of producec
water

A Specific Research Objectives

1. Treatmentof produced water and formation brines to
encourage beneficialise and reuse

2. Minimization of freshwater use in oil and gas production

3. Assessment of impactsf produced water onaquatic
ecosystems

IQJMEKDSF D7 SN Rock Chalk, JAYHAWK!
‘\r | |



Produced Water Volumes Produced Water

Production in Top 5

A Over 20 billion barrels (3.3 billion States, 2012

m3) generated in U.S. in 2012

A KS is B largest generator

I 1.1 billion barrels (~ 45 billion gallons)
in 2012

A KS volumes stable from 2062012
I Oil production increased by ~ 20%

A KS wells average ~20 barrels of
water per barrel of ol

I National average ~ 10 bbl/bbl

Billions of barrels
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Produced Water
Volume Compared
to Water Use In
Kansas in 2012* Livestock

Produced Water

In 2012, produced water
volume ~2.5% of Kansas Industry
water use

Irrigation, primarily from ]
groundwater sources

Highest water use is for ~ PuPlic Water Supply

Irrigation

(*Water use data from KS Dept.

of Agriculture and USGS) 100 10000
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Billions of Gallons
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Produced Water Disposal in Kansas
Aln Kansas, ~ 2/3 of KS

dispo.sed Of by deefvve” ] Kansas Earthquakes Per Year
injection; ~ 1/3 reused by oll ~ «———————
& gas producers

ADeepwell injection has been
linked to increased seismic
activity (induced seismicity)

AAreabased restrictions on
deep well injection since
2015 I

Alncentlves eX|St for Increased 2000 2002 2004 2006 200Y8ear25010 2012 2014 2016 2018
water reuse and recovery,
and for reducing VOIUmeS Source: Virginia Tech Seismological Observatory
sent to disposal.

Number of Earthquakes
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Oil & Gas
Production

2 Freshwater
Supply
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Examples of Produced Waters Across Kansas

50 km g
Oakley mg/L Plainville mg/L i —— §
TDS 125,000 TDS 30,600 30 mi £
Sodium 45,900 Trego County  mg/L Sodium 11,000 ©
Magnesium 512 === TDS 49,100 = Magnesium  46.0
Calcium 1980 Sodium 33,800 Calcium 43.0
Strontium 56.0 Magnesium 2,700 Strontium 38.0
Barium 0.1 Calcium 5,600 Barium 0.1
Chloride 73,900 Strontium na Chloride 14,000
Bicarbonate 133 Barium 0 Bicarbonate 4,703
Sulfate 2680 Chloride 39,400 Sulfate 696
Bicarbonate 570 Leavenworth
Sulfate 2,060 .
Manhattan Topeka Kansas City
Junction City e o
Lawrence®
Hayse . Olathes
Salina
Vinland mg/L
Great Bend | Emparia TDS 31,400
; Sodium 9,030
Liberal mg/L Trembley mg/L Magnesium 265
TDS 92,700 TDS 128,000 Calcium 618
Sodium 29,900 Garden City Sodium 48,000 «Hutchinson  « Newton o o
Magnesium 1,220 . Magnesium 2,000 Erifiun 43'4
Calciu_m 5,280 Dodge City Calcium 6,900 Chloride 10,400
SUCIL L * Strontium 2,220 + Wichita Bicarbonate ~ 15.5
Barium 0.378 Barium bdl Sulfate bdl
C_hlorlde 53,500 Chloride na Reno Coun mg/L « Derby
Bicarbonate 177 Bicarbonate na  TDS 138,000 Pittsburg e
s Eeh Sulfate 9,000 Sodium 39,300
Magnesium 2,340
Liner Calcm_m 8,740
= Strontium 2,220
Barium 27.1
Chloride 85,000
Eeziimiie BB Ava=not analyzed, bdl=below detection limit
Sulfate 43.0
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Reuse Barriers: Salinity and Sodicity

A High salinities affect water and nutrient uptake and
reduce crop yield.

I Nonsaline water (TDS < 500 mg/L) safe for all plants

I Water with TDS = 5004,000 mg/L may be safe for
more salttolerant plants

A Water high in sodium and deficient in other cations,
l.e., having a high sodium adsorption ratio (SAR),
can cause soils to swell and plug, reducing water
Infiltration rates.

A Livestock cannot tolerate excessive salt levels.
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Reuse Barriers: Specific Elements

safe under 0.5 mg/L,

A Borong universally
MCL (ma/L MCL (ma/L
5 20
0.1 2

some plants can ot os
tolerate up to 15 mg/L i =
I Little information on %fzs 135
current concentrations — 5 20
25 N/A
| | oy TS 005
A Chloridec universally - Z
safe under 70 mg/L, B -
tolerances up to 350 ; 10
Atrace Element Maximum Contaminant Levels assuming
mg/ L good irrigation practiced_@zarovak Bahrj 2004)
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Reuse Barriers: Additional Concerns

A Radioactivity (e.g., R#)
A Scale fgrma}ion IN pipes, treatment systems, wells,
LINE RdzZOAY 3 F2NX¥I UAZ2ZYazZ ai
I Carbonate and sulfate scales, those associated with
Ca? Mg, and especially & Ba? and R&
I Iron and manganese oxides
I Sulfides

A Corrosivity (CQ H,S, salinity)

A Other constituents (e.g., B&and St?), esp. those
related to current or future MCLs or water quality
standards
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PW Treatment: General Strategy

PRODUCED WATER
Initial TSS and olil separation |
occurs at the well site Removal of particulate matter,
oil droplets

S

Minimal treatment for _dlrect emoval of soluble  Removal of NORMS,
reuse, to prevent scaling or organics scalecausing
C|Ogglng components

Salinity reduction required for Tps reduction/Desalination

secondary uses l Direct industry reuse

(reusable water)

Secondary reuse
6O S yQ g G§SND
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Treatment to Remove Scale-Forming Cations

A Conventional Treatment Methods
I Sodium sulfate addition
I Lime and/or sodium carbonate addition (softening)

A Polymer Addition / Polyelectrolyte complex
formation

I Objective is to form metgbolymer complexes that
can be removed by settling, coagulation and settling,
ultrafiltration, centrifugation, or other means

I Polymer recovery/reuse may be necessary to make
this economically feasible

A Better if selective for B& Sr2 and Réa?
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Ba*> Removal vs Polymer Type/Concentration

3.5 -
T T T T T T T T T T T T T T T T T AN v mm o n mma § Em VY ®____
3.0 1 R T T R
----- Lt -
,a s
D 2.5 e e 7 -l - PAA 100kD
o ROV NI -(O=PAA 250kD
£ S o . /A\+ PSS 70kD
=20+ N -é- PSS 200kD
S ~d>= PSSM(1:1) 20kD
S ¢ % 4 -3¢~ PSSM(3:1) 20kD
£~ v . > PVS 4-6kD
4 1, ---- Total Present
g 1.0 - I’,' :/
= 7 N
M 0.5 AR m—_ O- - -0
";/’ ’Q/O N
0.0 - */% > >
I ' I ' I ' 1
0.0 0.5 1.0 1.5

Polymer Concentration (percent weight)

THE UNIVERSITY OF ®,” A Rock Chalk, |AYHAWK!
KU KANSAS z



Best case for Sr+2: Combining pH with UF
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AEROBIC GRANULAR SLUDGE FORMATION IN
HYPERSALINE SYNTHETIC PRODUCED WATER

/Anoculated with\
a mixed culture
of combined
Irregular aerobic
granules and
flocs

J

Anoculated )
with halophilic
microorganisms

(Sporosarcina

\_ halophile) Y
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